Paul Ferreyrolles on the power of certain medicinal waters to confer immunity against infective disease.
Many facts pointing in this direction have long been familiar to hydrologists, although unfamiliar to the profession at large. Dr. Ferreyrolles' thesis is welcome, as it is the most complete series of observations as yet made upon this subject, and its publication in England is opportune and cannot fail to stimulate other workers. More than one class of natural waters are now known to possess these antitoxic properties, and it will be a comparatively simple matter to institute experiments in order to ascertain whether muriated or sulphur waters such as those of Llandrindod or Strathpeffer, have the same power.
It is unnecessary to emphasize the extraordinary clinical interest that attaches to these investigations.
Dr. Ferreyrolles' demonstration a few years ago before the Royal Society of Medicine, upon the colloidal constituents of medicinal springs [4] , followed by the present study on immunity, mark a new departure in hydrological medicine. They show incidentally that hydrology is not concerned only with the actions of water per se and with thermal actions 2 Ferreyrolles: Immunity and -Mineral Water Treatment however important, but includes a study of the actions and uses of the particular constituents of the different waters, many of which, although present in infinitesimal quantities, we are now led to believe, may really be of great and even specific value. TREATMENT by " mineral waters," as Tardieu said, " must be considered as the great school of natural medicine, the greatest clinic of those chronic diseases which settle, as it were, in the roots of the constitution, and can only be expelled by the mysterious and powerful action of mineral waters." Action, indeed powerful and mysterious, which for many years we have been trying to understand, in applying to the study of mineral waters the latest results of physical, chemical, biological, and physiological sciences; but how many undiscovered points remain which make it impossible at present to solve the problem of the specialization of each mineral spring!! We shall arrive at it some day, tio doubt. But since it is impossible at present to catalogue, so to speak, the diseases curable by such or such a mineral water, we must try to define more carefully the morbid type, whatever its manifestation, with which each mineral water agrees.
It is upon the morbid type only that certain mineral waters act, not only in modifying what everybody nowadays agrees to call "le terrain," but even in modifying the temperament ofthose persons having this morbid type. The resistance ought always to be the same, whatever may be the invading agent. It must be helped if it exists, created if it is lacking, so producing such a modification of le terrain " and of the temperament as shall guard the patient -against further morbid manifestations, and shall render him immune against his outer enemies.
These facts are known: they have been verified under the influence of the same mineral water on different patients, and on the same patient under the influence of different mineral waters without a satisfactory explanation. Sceptics have smiled, explaining the success of the thermal cure as being due to rest, diet, altitude and open-air life, whereas it really is a question of a deep-seated, extremely important action of the hydro-mineral medication-an action concerning which we propose to bring forward some striking points.
-In a previous and more complete essay, I have shown, in collaboration with Professor Billard [1] , when dealing with the waters of Choussy-Perriere at Bourboule, that they might be considered as a at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from true medicated arsenical serum, with a total mineralization of 6 grm. 4,997 per litre, containing 0 007 grm. of arsenic per litre. The density of this water is at 350 C., 1050, its cryoscopic point is 4 = 0 33, and its electric conductivity 67 x 10-4. Laborde has stated that 10 litres of this water contained, four days after being taken from the spring, -1-78 mg. of radium emanation, and that the gases of the spring correspond to 11P02 mg. minutes, of emanation of radium.
When examined by the ultra-microscope [2] they show crystals, crystalloids, and electro-negative colloids, which we believe to be arseni.u colloids, relying in this opinion upon the resemblance which exists between the colloidal arsenic obtained by the electrolytic method and in the Choussy-Perriere water, upon the same electric sign, the same toxicity (feebler as per equal content of arsenic than hectine and 606), the same catalytic power, bactericidal action [3] , &c.
We have studied its physiological and therapeutic action, both local and general, in hypodermic injections. It is their general action, especially in the administration by hypodermic injections, to which we propose to call attention-namely, the modification of the leucocytosis reaction and the anaphylactic phenomena under the influence of very small doses of this water, indeed of infinitesimal doses, and 6onsequently of their different constituent agents.
We are perfectly aware of the insufficient number of our experiments, and how they are open to criticism. Professor Richet anid M. Bellin have made similar experiments on immunity with all -the necessary scientific controls. We have founded our experiments upon theirs. Our results have been found analogous. It is because of this fact that our experiments have remained limited. We publish them, then, because they seem to us very interesting, reserving for a future and more complete essay the indication of certain points in greater precision.
LEUCOCYTOsIs REACTION.
The leucocytosis reaction may be defined as the variation of the number of white globules of the blood according to certain physiological 6r pathological influences. A toxin, a diet, a haemorrhage, a traumatism act on leucocytes and modify the number of those which can be seen in the unit of volume of circulating'blood. We The counting of leucocytes has been made by the very exact method of Lassabliere. For simplicity's sake we shall refer to, as he does, in our figures, not cubic millimetres, but the one-hundredth of a cubic millimetre. Supposing, for example, that 80 is the number found for a normal animal. After leucocytosis reaction, we find say 150. We do not write 150. but the half of 150 plus the half of the average between 80 and'150, that is to say, 115 . 2 = 57. The number is therefore 75 + 57 132, which represents one half of the absolute number 150, and half of the ratio between the absolute number and the number stated previously for the same animal. That will permit the comparison of the reaction of two animals having the same absolute figure, though not having the same initial number.
INTRAPERITONEAL INJECTION AND LEUCOCYTOSIs REACTION. If a very small dose of Choussy-Perriere water be injected into the peritoneum of a guinea-pig or a rabbit a clear leucocytosis reaction will be found to have taken place. Three guinea-pigs giving successive reactions of 75-80-79 white globules, five hours after an injection of 1 c.c. of Choussy-Perri6re water, that is of 0'006 of its total mineralization, exhibited a blood dou'tt of 178-158-147. This reaotion has been about the same in thWree'guinea-pigs which received 5 c.c. of water, a dose five times strobger. Thus, for the' water of La Bourboule, the leucocytosis reaction following an injection is very pronounced, and seems in a large measure independent of the dose injected.
These results can absolutely be compared to those obtained by Professor Richet, who had studied the leucocytosis reaction of a great number of animals after the injection of different doses of NaCl or of a solution of sterilized peptone and has concluded: "Following these experiments, the very important conclusion, from the therapeutic point of view, is arrived at that too strong doses are used for injections. This efficiency of small doses of solution causes us to reflect. It is quite the same, whether one injects 1 c.c. of plasma or a liquid containing only 1 in 10,000 of muscular plasma."
Leucocytosis Immunity after Peritoneal Injection.-If after fifteen days we give those guinea-pigs a second injection of Choussy-Perriere, it is found that those animals which had reacted very strongly at the first injection do not react at the second, and pass from 178-158-147 to 145-114-135; in other words, they have obtained their leucocytosis immunity for the injection of this water. Thus, these guinea-pigs, after intraperitoneal injections of the water of La Bourboule, are immune against this water, and this immunity, as many observations show, requires a fortnight to become established. Neither at the first nor at the second injection has any serious symptom appeared, and had we not noticed the difference between the first counts, we should be tempted to say that the first injection had been without effect and that the second also had been without effect. If we refer to the experiments of Professor Richet, we arrive at the same conclusion: " To produce this immunity fifteen days afterwards, exceedingly minute doses were sufficient, doses so minute that it was long before I believed it, but after repeating my experiments again and again, I had to give in to the evidence. Perhaps physicians will here find m&terial for reflection, and will try to obtain wide reaching effects with small means." LEUCOCYTOSIs AND INTRAVENOUS REACTION. We noticed in a normal series of rabbits that following intravenous injections of Choussy-Perriere water in the marginal vein of the ear, we obtained a leucocytosis reaction the same as that which followed the intraperitoneal injection. Fifteen days afterwards we give our animals a fresh injection of Choussy-Perriere: we obtain no reaction. We may then be allowed to say that as in the preceding case we have obtained a consecutive immunity.
Professor Richet has shown that the intravenous injection of 7 in 1,000 solution of chloride of sodium in a large dose produces a hyperleucocytosis which lasts sometimes six months, and if small doses are used the number of leucocvtes becomes normal after about ten days.
Now, let us suppose that after fifteen days we inject into those animals which have received a first dose of Choussy-Perriere water, a dose of toxin of any kind. What is going to happen? We have injected into our guineapigs a dose of 1 c.c. of typhoid toxin prepared according to the method of Besredka and we notice that their leucocytosis number which, after the first injection was 178-158-147, and 145-114-135 after the second, was 137-92-95 after the injection of typhoid toxin. Ten days later they receive a dose of f c.c. of bouillon culture of coli bacillus; they show no reaction at all. The test guinea-pigs had extremely strong reactions; two of them died. We may therefore say that after injections of Choussy-Perriere water it is possible to confer upon animals an immunity sufficient to place them in a condition to resist various and repeated injections of deadly microbes; and also to furnish them with a sufficient resistance to combat the effect of those different injections with success.
INJECTION OF TOXINS FOLLOWED BY INJECTIONS OF MINERAL WATER.
Suppose now that we give to those animals, first an injection of toxin in a toxic dose; what will happen if we treat them immediately afterwards by an injection of mineral water? We have given first, typhoid toxin, afterwards a culture of coli bacillus twenty-four hours old, to a series of guinea-pigs and rabbits. We have injected a certain number of these animals every day for five days with an injection of La Bourboule water in the peritoneum; all the animals thus treated have resisted the infection while the control animals died in a period of time varying between three and five days. Four fresh rabbits received an injection of 1 c.c. of coli bacillus culture, twenty-four hours old, in the marginal vein of the ear. The two control rabbits died the third day; the two others which had received Choussy-Perrierewater in the vein-5 c.c. every day for four days-recovered. We must, however, confess that they required nearly three weeks to recover their normal weight; six, weeks later their blood count was practically normal.
Nevertheless, they slightly reacted to a new injection of water of La Bourboule: 99 to 112 (the test had passed from 95 to 157).
These recent experiments are only the verification of those made together with Professor Billard in 1906, when I noticed the fact without attaching much importance to it; my attention being then fixed on another point. I have taken them up again, because they again assume all their importance, showing the vital action of certain mineral waters on special pathological conditions. My experiments show results similar to the important and very curious research of M. Bellin, of Tours, which he allows me briefly to summarize. Experiment I.-He injected into.the muscles of three rabbits the virus of rabies. One received carbonate of soda in distilled water solution for twelve days, 2 c.c. per kilo weight of animal three times a day. A control animal and the animal treated had no symptom of hydrophobia; the third died. Twenty-one days after the last injection of saline solution, he injected into the peritoneum of each of them c.c. of a streptococcus culture in glycerine bouillon, killing the normal rabbit in twenty-four hours. The control rabbit of the preceding experiment died in twenty-four hours. The subject previously treated by the solution of carbonate of soda had no untoward symptoms. Eighteen days after, it could tolerate without inconvenience the lethal dose of streptococcus. Finally, five months after the injection of the virus, it tolerated easily three-fourths of 1 c.c. of culture of Bacillus coli in the peritoneum, a dose which killed three control rabbits in nineteen, fourteen and twenty-three hours respectively. Experiment II.-He. injected three rabbits subcutaneously with i c.c.
(a non-lethal dose) of a culture of streptococcus in pepton bouillon twenty-four hours old. One of these rabbits was treated by carbonate of soda, and another by calcium chloride, both given subcutaneougly, 3 c.cg. per kilo weight of animal three times a day for three days, then twice a day for seven days. Ten days after the injection of streptococcus, he injected into the peritoneum of each of them a lethal dose of culture of hen cholera. The control rabbit died in eighteen hours. The rabbit treated with Na2CO3 showed no symptoms. The rabbit treated with CaC12 had diarrhcea and became thinner, but in ten days was quite well again. Experiment III.-Three rabbits were injected subcutaneously with i c.c. of a culture of hen cholera twenty-four hours old (non-lethal dose). Injections of Na2CO3 and CaCl2 were made for seven days, two injections every day, 3 c.cg. per kilo weight of animal. Five days after the last, he injected a lethal dose of Bacillus coli into' the peritoneum of each rabbit. The test animal died in forty-eight hours. The two animals treated had no symptoms. Three months from the beginning of the experiment, the Bacillus coli was injected under the same conditions, but in stronger doses, and killed both rabbits in nineteen and thirty-two hours respectively. The immunity conferred by the saline injections had disappeared.
ANAPHYLAXIS AND THERMAL CURE.
In final consideration of the matter, we may draw attention to the action of the water of Choussy-Perriere on the phenomena of anaphylaxis, demonstrated by the experiments of Dr. Daupeyroux [5] published last year. As an antigen, Dr. Daupeyroux used the hamostyle of Dr. Roussel, which gives very strong anaphylactic reactions, is not immediately fatal and allows of the series of phenomena which he wished to study being observed more easily. After having prepared his animals, he treated a series of them with water mixed -with the bran with which they were fed. A second series was treated by injections of 1 c.c. of water every day; a third series by 2 c.c. every day. The water was taken from the spring and was used almost immediately. The water of La Bourboule was given to the rabbits twenty-four hours after treatment with the antigens. During eighteen consecutive days, the injections were made at the same rate and under the same conditions; at the end of this time, Dr. Daupeyroux made an injection "dechainante " and stated:-(i) That the water of La Bourboule taken by the mouth does not seem to modify to any extent-the anaphylactic, conditions (perhaps by reason of the manner in which it was given).
(2) The water of La Bourboule when injected has a certain antianaphylactic power, sometimes surprising, as it can make the animal absolutely refractory.
(3) The question of doses seems to be of great importance, weak doses apparently being more active than stronger ones.
(4) It seems that the longer the period of the action of the waters is protracted, the longer does the effect of small doses persist.
Thus a whole series of experiments made by different workers-Richet, Bellin, Daupeyroux, and myself-being compared, give analogous and confirmatory results. From experiments dealing with the results dbtained with the mineral water, certain facts become evident:
(1) General immunity may be conferred upon the organism by the injections of mineral water, diminishing its susceptibility and protecting it from other infections.
(2) The infected organism may be endowed with sufflcient resistance to allow it successfully to resist a previous infection which may be fatal to normal animals.
(3) In all these experiments, the importance of the amount of the dose of mineral water injected was clearly shown. Feeble and infrequent doses confer an immunity equal to that given by strong doses, and they appear to be of greater efficiency than the strong doses when it is necessary to detoxicate an organism or increase its resistance.
(4) Injections with strong doses lengthen the period -of immunity. For practical purposes it seems rational for two kinds of cases to be generally considered:
(1) The case of an individual whose resistanced is below normal, for instance, the case of a child who, when examined, appears to be in perfect health but is fragile, and his parents say: " He catches everything that comes along." Into such a child we would inject every eight or ten days, say 8 to 10 c.c. of water, according to his leucocytic reaction, ending the treatment with an injection of about 50 c.c., after which he will have acquired a leucocytic immunity, the final. dose being given solely for its prolongation.
(2) The case of an organism seeking to rid itself of toxins, either arising within itself or from outside.
[Under (2) may be classed many patients at the thermal stations.
If we consider-as may fairly be done-bearing in mind the works of Billard, Le6ry, Laisne, Galup and others, the manifestations of dietetic maladies as accidental forms of anaphylaxis, we should give these& patients daily, or every other day, water injections, these being followed by a strong dose, given subcutaneously or intravenously, as soon as the organism has become, so to speak, disanaphylactized, so as to protect it from fresh infections.] In practice this permanent immunity conferred by the thermal cure is often to be seen, and every year we observe patients whom we have treated for this or that trouble who have not had returning symptoms; of it until the January or February of perhaps the following year, and every year we see children hitherto delicate who have passed the winter without the least sickness.
As a result, we believe that by this form of treatment we shall obtain results superior to those obtained by the various methods of empiricism at present in use, which have, however, already given satisfactory results in many, perhaps the majority of cases. Nevertheless, whenever the condition of the patient troubles us, we do not hesitate to supplement the usual treatment by a few injections, or to substitute the injection treatment for the ingestion treatment.
But it may be objected that the experiments of Richet and Belin seem to prove that this is not alone a function of mineral waters.
What -advantage is there in employing them in preference to solutions of chloride, bicarbonate of soda, or calcium carbonate ?
To this we answer, first, that the internal action of mineral waters can never be compared with that of the corresponding artificial preparations, because of the numerous elements present in the water and their chemical condition, which invests them with a decided superiority from a therapeutic point of view.
Secondly, this general property which is the attribute' of many mineral waters is not common to all. All have not the same antitoxic power; this has been proved by the experiments published dealing with their anti-anaphylactic properties.
It is necessary that they should be studied and those which have common properties should be determined, as well as what these properties are, bearing in. mind the special effect that each has on such and such organ in different affections. . For instance, what is the local effect of sodium chloride, and where is this effect to be noted ?
Prolonged observation has fixed respective regions of action for each mineral water' the skin, the mucous membranes, the kidneys, the circulating system, &c.-and experiments have confirmed these properties. Thus, in our special case, the experiments made at the laboratory of Professor Billard at Clermont-Ferrand, have shown that if we desire only to partially disanaphylactize an animagl by an injection of mineral water, and if we consider the effects that follow this injection, we can see that after the use of La Bourboule water, for instance, the animal manifests principally lesions of the respiratory mucous membranes and of the skin, the signs of which are a definite dyspncea and itching.
If, on the other hand, water of Chatel-Guyon be used, the effects noted will take the shape of intestinal symptoms, with severe, even blood-stained diarrhoea. If Vichy water be used, digestive disorders will be noticed; and it is this special study of the action of each thermal medication which will govern our choice, according to the location of the special trouble to be treated, the general physical conditions being the same.
The pousse'e thermale, for instance, in my opinion, clearly determines the region of activity of each mineral water. It acts more, I believe, on the system of the patient than on the disease itself, but discussion as to the nature of the poussee thermale would take us too far afield; opinions about it differ so widely. We merely repeat what we said at the outset, that many experiments will be needed to determine exactly the limits of the fields of action of each mineral water on the different organs and the different parts played by these waters in various maladies.
How shall we explain the general action of hydro-mineral medication, which we have just discussed ? We do not pretend to settle this question; although various works published up to now supply us with satisfactory hypotheses.
The action on leucocytosis, the defensive r6le of which is known, may be effected by the colloids in the Bourboule water.
As a result of the experiments of Victor Henri, Melle Cernavodeanu, Monnier, Vinard and others, we have become aware of the great potency of colloidal solutions. Fo?a and Agazotti, among others, have shown that if rabbits are injected with staphylococcus and streptococcus, the injection, one hour later, of electric colloidal silver will retard the death of the animal; while if injections of diplococcus and Eberth bacillus into rabbits are made, and these are followed by the injection of electric colloidal silver, one, twelve, or even twenty-four hours later, the animals' lives will be saved.
As to the toxins, Fo?a and Agazotti have observed that in vitro the tetanus, diphtheria, and dysentery toxins are not affected, while in vivo the injection of colloidal metal made immediately after the toxic injection, enables the animal to resist a ten times more than lethal dose of toxin.
With regard to the composition of mineral waters, and to the catalytic properties of some of their constituent elements, Belin has' shown the importance of their oxidizing properties in a series of recently published works. These data are confirmed by those of Luni6re, Chevrotin, Delcourt, Bapin, &c. Does not, therefore, the chemistry of the organism, directly or indirectly, undergo some modification, so that the infecting agents are no longer able to find the necessary conditions for their growth ? Is there not at the opportune moment an abundant production of oxidation ? This question must be investigated.
Numerous experiments are, however, still necessary to define exactly the r6les of the different factors, the duration of the immunity obtained, and the immunizing power exercised by the different mineral waters on the various toxins. CONCLUSION. In any case the general immunity conferred by the injection of mineral water is not an hypothesis. It is greater than the immunity conferred by the usual means, so far as we may judge from experimental physiology and hydro-mineral clinics, considering the rapidity, with which it is obtained, its strength, its relative non-specificity and the facility with which it may be determined. This method should be employed whenever it is necessary to immunize an individual from outside infections, either, by diminishing his susceptibility or by strengthening his resisting power, allowing him to combat external or internal infections.
The administration of hydro-mineral injections whenever possible will always yield better results than when the waters are ingested; the action will be more rapid, more complete, and of longer duration.
A fuller knowledge of the action of each mineral water on the different organs will enable us to produce at the same time both general and local effects, and to determine with exactitude, for each particular case, its hydrological indications.
